This research compared body shapes, measurements, ratios and fit problems of 234 African (109) and Caucasian (125) women. A 3-dimensional (3D) full body scanner generated virtual body images from which circumferential, width, protrusion and height measurements were extracted. Thereafter, circumferential and height ratios were computed. Drop values of key circumferential measurements were used to classify participants' bodies; these were later visually confirmed and adopted. Results revealed that the triangle, hourglass and rectangle were the three most predominant shapes amongst African and Caucasian women. There was a significant association between the three most predominant body shapes and ethnicity. There were significant differences in some body measurements and ratios, most of which were observed between African and Caucasian triangle shapes, as well as in some of the other body shapes and the Caucasian hourglass used in the apparel industry. The differences especially between the Caucasian hourglass and the other body shapes may be the root cause of the persistent fit problems reported by some of the 1 predominant body shapes at some of the selected body parts. This study therefore, concluded that multi-cultural markets need to identify characteristics of all prevalent shapes within a population in order to minimise apparel fit problems.
Introduction
Living in a consumer-driven era, the challenge to apparel industries is not only about giving customers extra choices, but rather to contain consumers' individual preferences. Female body shapes and proportions vary and change over time, as the result of, amongst others, nutritional changes, lifestyles and ethnicity. These differences have an impact on apparel fit (Hillestad, 1980:121; Winks, 1997:20; Ashdown, 1998; Simmons & Istook, 2003) . Ready-to-wear apparel fit problems have gained a lot of attention as consumer demand for well-fitted apparel increases.
Dissatisfaction with fit is however still one of the most frequently stated problems with garment purchases. Women have been reported as the most dissatisfied consumers (DeLong et al., 1993; Alexander et al., 2005; Otieno et al., 2005) .
Dimensions from the human body underpin an effective sizing system and consequently better-fitting apparel items. Sizing systems originate from people's measurements and body shapes (Bye et al., 2006:66; Petrova in Ashdown, 2007:56) . Ashdown (2000) sees sizing systems as the focus around which all the factors concerning sizing and fit revolve. She has identified the main factors affecting sizing systems and consequently the fit of ready-to-wear apparel as the population measures (body measurements), the design features (construction of the apparel), the fit issues (fit quality management), and the communication of sizing and fit (size labelling). To improve apparel fit, body measurements and major body shape variations prevalent within a consumer population must therefore be considered Bye et al., 2006; Petrova in Ashdown, 2007:57) . Worldwide, apparel industries still mainly manufacture women's apparel that would fit only the ideal body shape properly. Consumers that differ in body shape characteristics from the ideal figure are therefore likely to experience fit problems from the standard apparel. A study by Simmons et al. (2004) confirms the diversity of body shapes within populations.
From a sample of 222 women, 40% were bottom-heavy hourglass, 21.6% hourglass, 17.1 % spoon, and 15.8% of rectangular shape. The findings of Pisut and Connell (2007) reveal that women are becoming larger than the ideal figure and reflect different body shapes and sizes than in previous decades (Simmons et al., 2004) . In another study, Lee et al. (2004) discovered that the most prevalent body shape among USA and Korean women was the rectangle and not the ideal (hourglass) figure.
Apparel manufacturers therefore need to understand body shape differences within populations in order to produce apparel with satisfactory fit.
In many Western countries, variations in female consumers' body shape are to a large extent attributed to the diverse ethnic groups. Lee et al. (2007) recorded that body shapes, sizes and proportions differ between ethnic groups and emphasised the need to study them as a way to increase consumer fit satisfaction with standardised apparel across the diverse ethnic groups. In this study, the African and Caucasian ethnic groups form part of the varied South African ethnic groups. Findings of a study by Winks (1997) revealed that body dimensions of Black South African males were generally smaller than those of Caucasian South African males. This might also hold true for African and Caucasian South African women.
Categorising body shapes and comparing body measurements and ratios of the different ethnic groups are imperative to determine the differences. Moreover, differently shaped consumers require differently shaped apparel to accommodate figure variations (Anderson et al., 2001; Fan et al., 2004; Connell et al., 2007) .
According to Connell et al. (2006) , the classification of female body shapes within a specific country is, however, a challenge due to variations within and across ethnically homogeneous and heterogeneous populations. Pisut and Connell (2007) suggested that when constructing ready-to-wear apparel for a diverse target population, it is crucial that attention is directed at existing differences in figure shape characteristics in order to minimise fit problems.
As in most other countries, the South African apparel industry still does not cater for figure shape variations (Strydom & De Klerk, 2006) . They continue to base apparel production on the body shape and measurements of an ideal figure (Western hourglass) (Goldsberry et al., 1996; Anderson et al., 2001; Alexander et al., 2005) . As a result, female consumers with body proportions that differ from the ideal figure may experience ready-to-wear apparel fit problems. Therefore, it is imperative to investigate how the female body shapes and body shape characteristics of diverse populations such as the South African population compare with each other and differ from the ideal figure. This could help to determine whether the use of the standard apparel shape and measurements would still give satisfactory fit across all ethnic groups. Otherwise, the ready-to-wear apparel fit problems currently experienced will persist. This study therefore sought to identify and compare the most prevalent body shapes, body shape characteristics and apparel fit problems of young African and Caucasian women in South Africa.
Literature
Body shapes have in the past mostly been classified by the drop of key circumferential measurements into the current hourglass, triangle, rectangular, apple and inverted triangle shapes (Chun-Yoon & Jasper 1996; Winks 1997; Beazley 1998; Gupta & Gangadhar 2004; Yu 2004:185) . According to Simmons et al. (2004) , a typical hourglass shape has bust and hips that are almost equal, with a moderate waist indentation. The rectangular body shape has hips and bust that are fairly equal and almost aligned, with little or no indentation at the waist, and has low bust to waist and hip to waist ratios. The oval body shape has the stomach, waist and abdomen measurements larger than the bust, with folds around the midsection compared to the rest of the body. The triangular shape has a larger hip circumference than bust, with no defined waistline and a low hip to waist ratio. An inverted triangular shape has a larger bust circumference than hips, with no defined waist line and a small bust to waist ratio. The extent to which a body deviates in shape and size from the ideal body shape used by the apparel industry in the manufacturing of women's apparel, may result in fit problems for those consumers with different body shapes. Connell et al. (2006) categorised body shapes by using the relationship of the whole body to the front and side view perspectives, while Ashdown (2003) evaluated body protrusion from the front, side and back views of the body to differentiate between bodies that have the same circumferential proportions but different width and depth proportions. Simmons et al. (2004) undertook a study to come up with the Female Figure Identification Technique (FFIT) software. Literature was then used to identify body shapes as well as visual and descriptive information that helped to eventually also develop mathematical formulae for the FFIT software. The studies by Connell et al. (2006) and Simmons et al. (2004a) came up with body shape descriptors and not specific body shape parameters. Lee et al. (2007) utilised the FFIT software and also successfully came up with body shape defining parameters to classify United States (US) and Korean women. They further anticipated that the same parameters may be used successfully to classify other random US samples, with no mention of how successful it would be in different populations.
Despite these research findings, apparel industries keep on failing to satisfy different female consumer populations with different body shapes, by using dimensions and shapes of the Western standard or ideal figure. While body shape descriptors of different populations may be similar, defining parameters could be different and may be specific to each population. We reason that, since body shapes, size and proportions of South African women most probably differ from those of US women, body shape parameters that classified US and Korean women cannot successfully be used to classify South African women. Therefore, in this study, the parameters and mathematical formulae used by Lee et al. (2007) (2012) further suggested using also visual sensory evaluation which could adequately address the visual analysis of the body.
Methodology Sampling
The targeted population of this study was African and Caucasian women aged 18 to 25 years. Large manufacturers and apparel retailers generally target this age group.
They are young mature women with fully developed bodies and are considered to be fashion conscious. This consumer segment belongs to the Echo Boom or Generation Y consumer segment, a group that is racially diverse and seeks fashionable apparel that is flattering and will make them look attractive and show off their physical attributes, in order to satisfy emotional needs, to impress and be accepted by others.
They were students from two large Universities in Tshwane, a major metropolitan city in South Africa. Purposive and snowball sampling techniques were used. Participants were recruited through e-mails, campus news, posters and word of mouth. A total sample of 234 was obtained, consisting of 109 African and 125 Caucasian, women after considering similar sample sizes that were used previously in other studies that utilised scan data.
Data collection

A (TC)
2 NX-12 3D body scanner was used in this study. Body scanning is regarded as the most reliable and accurate body measurement method (Istook & Hwang, 2001; Xu et al., 2002; Ashdown, 2003; Simmons & Istook, 2003; Yu in Fan et al., 2004:171; Ashdown, 2007:xix; Wang et al., 2007) . Participants wore two-piece scanning garments made from light grey stretchy, single-knit fabric with a fibre content of 95% cotton and 5% lycra over their everyday well-fitting undergarments. Subjects were scanned until a good quality image was obtained in the normal scanning posture, i.e. feet 35 cm apart, and arms hanging away from the torso, as suggested in ISO/DIS 20685 (2010) . Thereafter, circumferential, width, protrusion and height measurements were extracted at the bust, stomach, waist, abdomen, buttock, hip and thigh areas. These are critical fit points that are crucial in the classification of body shapes. Then the circumferential and height ratios were computed. Participants also completed questionnaires on, among others, apparel fit problems they experienced at each of the selected body parts.
Body shape classification procedure
Defining parameters within the maximum and minimum range of drop values were calculated and used to identify distinctive body shapes in this study (refer to Table 1 ).
The difference in hip and bust circumferences was used to first classify triangle and inverted triangle shapes. Once a body was classified it was no longer subjected to further classification using the bust and waist relationship, which was used to classify hourglass, rectangle and apple shapes. Body shapes assigned from measurements were confirmed and adopted after visual analysis of scanned images. Mean -3 x std. dev. < bust -waist < mean 5.6 < bust -waist < 18 Apple Minimum ≤ bust -waist ≤ -3 x std. dev.
-3.7 ≤ bust -waist ≤ 5.6
(Adapted from Lee et al., 2007; Mastamet-Mason, 2008) . Measurements are in cm.
Data analysis
Descriptive statistics, e.g. frequencies, mean, median, standard deviation as well as percentages, were used to analyse measurement data. The Chi-square test was conducted to determine whether body shape prevalence varied by ethnic group at a 5% level of significance. The Kruskal-Wallis test was also used to establish which body shapes recorded significant differences in body measurements and ratios at each of the selected body parts at a 5% level of significance. Body shapes with body measurements and ratios that recorded significant differences were further subjected to post hoc tests for planned pair-wise comparison, to determine which body shape pairs had significantly different measurements and ratios at each body part.
Comparisons of interest in this study were similar African and Caucasian body shapes, e.g. African and Caucasian hourglass shapes and African and Caucasian triangle, African and Caucasian rectangle with the Caucasian (Western) hourglass shape that is currently used by the apparel industry. Thereafter, percentages were used to summarise the ready-to-wear apparel fit problems reported by the different body shapes at each of the selected body parts.
Results and discussion
Body shape classification
The most prevalent body shapes among the African group (n = 109) were the triangle (58.7%), followed by the hourglass (27.5%) and the rectangular shape (12.8%). The least common was the apple shape (0.9%). Among the Caucasian group (n = 125), the hourglass shape (40.8%) was the most common, followed by the triangle (33.6%) and the rectangle (25.6%). There were no participants classified as apple-shaped among the Caucasian group. There were also no participants classified as inverted triangle among both ethnic groups (Table 2) . Table 2 shows that there was a significant association between body shape prevalence (of the three predominant shapes) and ethnicity (p = 0.004), as the order of predominant body shapes differed among the African and Caucasian women.
Comparison of selected body measurements and ratios for similar African and
Caucasian body shapes
The Kruskal-Wallis test of paired similar African and Caucasian body shapes (Table   3) revealed that:
African and Caucasian triangle: The thigh circumference of the African triangle was 4.2 cm more than that of the Caucasian triangle, and the total body to waist and total body to hip height ratios of the Caucasian triangle were significantly higher than those of the African triangle (indicated with #, # 1 and # respectively).
African and Caucasian hourglass:
The abdomen circumference, the abdomen width and the abdomen protrusion of the African hourglass, significantly were 5 cm, 3.2 cm and 3.5 cm less than those of the Caucasian hourglass, respectively (indicated with *, # and *). Furthermore, the Caucasian hourglass females were significantly taller than the African hourglass females, as they recorded higher total body, bust and waist height measurements with 6.2 cm, 4.8 cm and 3.5 cm mean differences respectively, as indicated with *, # and *.
African and Caucasian rectangle:
The African rectangle females were significantly shorter (8 cm) and recorded significantly lower total body to waist height ratios than the Caucasian rectangular females, as indicated in Table 3 by # 3 and # 2 respectively.
Comparison of selected body measurements and ratios for the Caucasian hourglass and the other body shapes
In order to predict any fit problems, selected body measurements and the ratios of all the other African and Caucasian shapes were compared to those of the Caucasian hourglass -the one most often used by the apparel industry for sizing.
Caucasian hourglass and African and Caucasian triangle:
The triangular African and Caucasian shapes had significantly smaller bust circumferences (4.6 cm and 5.8 cm mean differences respectively) and smaller bust protrusions (2.7 cm and 3.8 cm
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Comparison of African and Caucasian triangle and Caucasian hourglass body shapes respectively), as well as higher hip widths (1.9 cm and 1.6 cm respectively), and significantly lower bust to waist, lower bust to hip, and higher hip to waist ratios than the Caucasian hourglass (differences indicated by * and #). The African triangle also had significantly larger hip, seat and thigh circumferences (6.2 cm, 4.8 cm and 4.3 cm mean differences respectively), and a smaller abdomen width (2 cm mean difference) than the Caucasian hourglass shape (as indicated by * and #). The African triangle was significantly shorter and recorded a lower bust height than the Caucasian hourglass. The Caucasian hourglass also had significantly higher bust to waist and bust to hip, and lower hip to waist circumferential ratios than the Caucasian and African triangle. These differences are also clearly visible on the scanned body images (Figure 1 ). Table 3 also shows that the Caucasian rectangle had a significantly wider waist (2.5 cm mean difference), resulting in significantly lower bust to waist and hip to waist ratios than the Caucasian hourglass (as indicated by *, # 1 , # 2 and # 3 respectively). The Caucasian rectangle also had a significantly higher total body to waist height ratio than the Caucasian hourglass. On the other hand, the African rectangle was significantly shorter and recorded significantly lower bust height as well as bust to waist ratios than the Caucasian hourglass (Table 3) .
Caucasian hourglass and African and Caucasian rectangle:
Perceived fit problems
The participants indicated their experiences of tight, loose or no problems with the fit at the selected body parts of ready-to-wear apparel. Since there were three fit categories, over 40% of the participants in each fit category per body shape was regarded as a majority and were indicated by bold figures with asterisks (*). Below 40% was regarded as a minority. Comparisons of reported fit problems were between similar African and Caucasian body shapes and also between the Caucasian hourglass and the other African and Caucasian body shapes (Table 4) .
Comparison of fit problems of the Caucasian hourglass and the African and
Caucasian triangle: Comparison of measurements revealed that both triangular shapes had significantly smaller busts than the Caucasian hourglass and were therefore expected to experience a loose fit. The literature (Rasband & Liechty, 2006:202) confirms that triangular shapes have smaller upper bodies (i.e. bust, stomach and waist) than average and are expected to experience a loose fit at these body parts. However, the findings of this study indicate that the two triangular shapes reported different fit problems at the bust, as 48.4% of the African triangle reported a good fit, whereas 57.1% of the Caucasian triangle reported a loose fit -as was predicted in the literature. Waist measurements of both African and Caucasian triangles showed no significant difference from those of the Caucasian hourglass, as expected; moreover, 47.6% of the Caucasian triangle reported no fit problems.
However, it was inconsistent with the literature that 54.7% of the African triangle reported a loose fit at the waist, and a majority reported good fit at the bust and the waist. This might be because of the wide thighs of the African triangle. Participants might have bought the garment to fit the widest part of the body, namely the thighs, resulting in a too loose fit at the waist. Muthambi (2012) , who also used this research project's data to develop sizing for young African women with triangular shaped bodies, found that participants required a basic sheath dress (as is commonly used in the industry) that was two sizes larger to accommodate the large thighs, resulting in a loose fit around the waist, midriff and bust. Stomach and abdomen measurements of both triangles recorded no significant differences from those of the Caucasian hourglass; hence a good fit was to be expected, as it was reported. However, this was inconsistent with the literature, as garments meant to fit wider hips, fit loosely at the smaller and tapering stomach, waist and abdomen (Rasband & Liechty, 2006:210) .
The literature records that triangular shapes also have larger lower bodies, i.e. hips, seat and thighs, and are expected to experience apparel tightness at these body parts (Rasband & Liechty, 2006:24) . This was confirmed by the measurements, as African triangular shapes recorded significantly larger hips and seat than the Caucasian hourglass shapes. On the other hand, the Caucasian triangle had significantly larger thighs than the Caucasian hourglass. The findings on fit problems indicated that more than 50% of the African and Caucasian triangles reported apparel tightness at their lower bodies, which was in accordance with the literature records.
Comparison of fit problems of the Caucasian hourglass and the African hourglass:
The abdomen circumference, abdomen width and abdomen protrusion of the African hourglass were significantly less than those of the Caucasian hourglass.
As the South African apparel industry still mainly bases their sizing on the measurements of the Western hourglass, one would have expected that the Caucasian hourglass would report no fit problems, while the African hourglass might report loose fitting around the abdomen. hourglass at all the other body parts were also unexpected, as the industry is believed to be basing ready-to-wear apparel manufacturing on the standard or Western hourglass figure. Yet, the problems experienced by the Caucasian hourglass suggest that the standard figure or Western hourglass used by the apparel industry might also be different from the Caucasian hourglass identified in this study.
Comparison of fit problems of the Caucasian hourglass and the African and
Caucasian rectangle: The literature (Rasband & Liechty, 2006:25) states that a rectangular shape has an average to large bust, mid-section (namely stomach, waist and abdomen) and hips, seat and thighs which are almost equal -thus resembling a rectangle. This body shape is therefore expected to experience apparel tightness at all these body parts. The findings of this study reveal no significant differences in all the measurements of both the African and the Caucasian rectangular shapes on the one hand, and those of the Caucasian hourglass on the other, except at the waist, where the Caucasian rectangular shape had a significantly wider waist than the Caucasian hourglass (Table 4) . This is the main difference between the hourglass and rectangular shapes recorded in the literature. As a result, the latter is expected to have fit tightness at the waist. On the contrary, Table 4 shows that 46.9% of the Caucasian rectangle reported loose fit, and 50% of the African rectangle reported good fit at the waist, which was inconsistent with the literature (Rasband & Liechty, 2006:206) . However, as can be expected, both the African and the Caucasian rectangles reported tight fit around the stomach (50% and 51% respectively) and abdomen (42.9% and 54.9% respectively).
Conclusions and implications
In this study, the bust, waist and hip drop values and visual verification were successfully used to classify the body shapes of the young African and Caucasian women between the ages of 18 and 25 years. As the literature suggests, this study confirmed that body shape prevalence, body measurements and body shape characteristics differ between ethnic groups. Differences in body dimensions as well as body shape characteristics were also observed between similar African and Caucasian body shapes.
It can be concluded that by far the most prevalent body shape amongst the African group was the triangular shape (58.7%), followed by the hourglass shape (27.5%) and the rectangular shape (12.8%). Amongst the Caucasian group the most prevalent body shape was the hourglass shape (40.8%), followed by the triangular shape (33.6%) and the rectangular shape (25.6%). This is contrary to what was found in other Western and non-Western studies. Lee et al. (2004) discovered that the most prevalent shape amongst USA and Korean women was the rectangle; Mastamet-Mason et al. (2012) also found that the distinctive body shape in Kenya was the rectangle, although with distinct differences between the Kenyan and Western rectangular shapes. Considering that ready-made apparel items in South Africa are still mainly designed and sized according to the ideal (hourglass) Western body shape, this means that by far the most African and Caucasian young female consumers' bodies differ from what is still seen by the industry as the ideal and most common body shape. They are therefore likely to have difficulties in finding apparel items that fit well.
It may further be concluded that body shape characteristics differ between African and Caucasian women with the same body shapes -probably due to ethnic differences. The abdomen circumference, abdomen width and abdomen protrusion of the so-called ideal Caucasian hourglass were, for example, significantly wider than those of the African hourglass, while the thigh circumference of the most prevalent African triangle was significantly more than that of the Caucasian triangle. This confirms the studies of Lee et al. (2007) and Mastamet-Mason et al. (2012) , who concluded that body shape characteristics of the same shape differ between ethnic groups. In constructing apparel for a diverse target market, it is therefore crucial that the apparel industry pays attention to these existing differences in body shape characteristics.
In order to predict any fit problems, selected body measurements and the ratios of all the other African and Caucasian shapes were further compared to those of the Caucasian hourglass (mostly used by industry for sizing and fit evaluation). This study confirms the results from previous studies (Simmons et al., 2004; Connell et al., 2006; Lee et al., 2007) , as significant differences were found between both the African and the Caucasian triangular and rectangular shapes on the one hand, and the Western hourglass shape on the other. In most cases, predicted fit problems were confirmed by the African and the Caucasian respondents' perceived fit problems.
Specifically the Caucasian rectangle reported fit problems at all body parts, while both the Caucasian and African triangle reported a tight fit around the hips, buttocks and thighs. There were, however, in some cases discrepancies between the expected fit problems and the perceived fit problems as reported by the respondents. It should, however, be noted that the perceived fit problems are subjective and may also be influenced by other factors, such as fit preferences and body cathexis.
Apparel manufacturers and retailers who wish to target diverse multi-cultural markets need to be cognizant of the differences between the body shapes and body shape characteristics of different ethnic groups. Furthermore, it would be unrealistic for apparel industries to persist in manufacturing styles that are suitable for the hourglass body shape, and expect them to fit all the other body shapes. The quality of apparel in respect of its fit can only be determined collectively, through dress forms, fit models and sizing systems, which all have to represent the target population's sizes and body shapes. Understanding the underlying differences in body shape could help designers to translate the distinct body characteristics into better-fitting apparel items. Fit models as well as dress forms chosen for fit testing and modelling in the apparel industry, should reflect the characteristics of all the most prevalent shapes.
